A two-stepmethod for assaying creathine inserum and unne samples, suitable with automated analyzers, is repOrted. Reagent 1, for the first step, contains a blanking system [creathe amidinohydrolase (CRTase), urease, glutamate dehydrogenase, NADPH, and 2-oxoglutarate] and a NADPHregenerathg system [Mg2-dependent isocitrete dehydrogenase (lCD), MgCI2, and excess isocitrate]. Reagent 2, for the second step, contains the metal-chelathg reagent frans-1 ,2-cydohexanediamine-N,N,N',N4etraacetic acid (CyOTA) and a trigger system [creatinine amkiohydrolase (CRNase)]. When a specimen is mbcedwith reagent 1, all the creatine, urea, and NH3 present are removed by the blanking and NADPH systems. On adding reagent 2, CyOTA inactivates lCD to inhibit the NADPH system. Simuftaneousty, the creatmine (1 mol) in the specimen is hydrolyzed into creatine by CRNase, and then releases NADP (2 mol) through the blanking system. Our optimIzed method can determine creatinine linearly up to 500 mgIL, with within-day CVs <1.2% and day-to-day CVs <2.7%. gives a reliable index for diagnosing renal function, e.g., glomerular filtration rate (1). The method of Jaff#{233} (2) has long been widely used to assay creatinine in serum and urine. However, this method also measures various other endogenous substances (1, 3,4). Creatinine methods based on different assay principles have been reported, involving, e.g., chromatographic separation (5), ion-selective electrodes (6, 7), and oxygensensitive electrodes (8). Enzymatic methods with ultraviolet (9, 10), fluorometric (11), and colorimetric detection (12, 13) have also been described and have been adopted ever, Cifi and sarcosine oxidase provide less accuracy because of their broad substrate specificities (14-18). We report here a novel ultraviolet detection method for assay of creatinine that can be performed easily, rapidly, and accurately with automated analyzers.
cause creatinine undergoes a constant renal clearance, its concentration gives a reliable index for diagnosing renal function, e.g., glomerular filtration rate (1). The method of Jaff#{233} (2) has long been widely used to assay creatinine in serum and urine. However, this method also measures various other endogenous substances (1, 3,4). Creatinine methods based on different assay principles have been reported, involving, e.g., chromatographic separation (5), ion-selective electrodes (6, 7), and oxygensensitive electrodes (8). Enzymatic methods with ultraviolet (9, 10), fluorometric (11), and colorimetric detection (12, 13) have also been described and have been adopted 'Author for correspondence. 2Nowll abbreviations: lCD, isocitrate dehydrogenase;
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ever, Cifi and sarcosine oxidase provide less accuracy because of their broad substrate specificities (14-18). We report here a novel ultraviolet detection method for assay of creatinine that can be performed easily, rapidly, and accurately with automated analyzers.
Materials and Methods

Instrumentation
We used the Model 7150 automated analyzer from Hitachi (Tokyo, Japan), which isthe same as the Hita- 
Results
Principle
CRTa8O
Creatine + H20 -- Creatine + 2 2-oxoglutarate
sarcosine + 2 glutamate + CO2 + 2 NADP
In the first step, a specimen is mixed with reagent 1, which contains blanking and NADPH systems (19). The blanking system comprises the three coupled enzyme reactions shown above with the overallreaction summary. All creatine in the specimen is removed in reaction 1. All urea, both that present in the specimen and that produced in reaction 1, is removed in reaction 2.
The NH3, both endogenous and that produced in reaction 2, is removed in reaction 3. If the total NH3 exceeds the NADPH added (mol/mol), the removal of NH3 will be incomplete. Only a limited amount of NADPH can be added, because the A or iXA/min due to NADPH should be measured within the limit of the performance of the spectrophotometer used. With abnormal sera, the total NH3 is expected to exceed the maximum NADPH in molar basis. The NADP4 formed in reaction 3 is reduced in reaction 4 (NADPH system). In the presence of excess isocitrate, the total NH3, even if present in molar excess over the NADPH, is completely removable.
As a result of joint work on the blanking and NADPH systems, one can completely remove the potentially interfering substances (creatine, urea, and NH3) from the sample. Simultaneously, the NADPH system serves to reduce the NADP4 formed in reaction 3 and to keep it fully reduced. lCD 2 Isocitrate + 2 NADP -*2 2-oxoglutarate
In the second step, reagent 2, which contains chelating reagent and a trigger enzyme, is added. Before proceeding to reaction 5, reaction 4 should be inhibited completely.
The metal-chelating reagent in reagent 2 forms a complex with Mg2 to inhibit LCD, which requires this ion for exhibiting enzyme activity. The trigger system (with CRNase) then hydrolyzes the creatinine that was originally present in the specimen. The creatine thus produced is then subjected to the blanking system (reactions 1-3). The overall reaction for the assay is as follows.
Creatinine + 2 2-oxoglutarate + 2 NADPH + H2O -
The creatinine in the specimen can be determined by measuring the production of NADP4 (2 mol per mole of creatinine).
Optimization Studies
Effects of chelating reagents on lCD activity. To act, lCD requires Mg24. We chose CyDTA as chelating reagent to inhibit LCD activity because the stability constant of the magnesium complex with CyDTA is higher than that for other chelating reagents (20). 
1-5).
In these experiments, we substituted creatinine (50 mg/L) for specimen and tested HEPES-NaOH, triethanolamineHCl, and Tris-HCL TrisHCl buffer depressed the overall reaction because it inhibited CRNase. Of the three buffers, HEPES-NaOH at pH 7.8 (25 #{176}C) gave the highest rate, so we used it in our method.
Effect of enzyme concentration on rate. In this experiment, we substituted creatinine (50 mg(L) for specimen, and varied the concentrations of CRTase and urease in reagent 1 and of CRNase in reagent 2. Reactions at the second step were measured. Figure 4A shows that rate increased with increasing concentrations of CRTase, reaching the mnimum at 40 kUIL and higher. In the case of urease, the maximum rate was attained at 5 kU/L and higher ( Figure 4B ). GLD, CRTase, and urease belong to the blanking system. To ensure a complete removal of creatine and urea, we used 62.5 kUIL concentrations for CRTase and 12.5 kU/L for urease. In the case of CRNase, the rate increased linearly up to 10 kUIL and reached the maximum at 30 kU/L ( Figure  4C ). Unlike CRTase and urease, CRNase is the ratelimiting enzyme for assay of creatinine (reaction 5). The concentration of CRNase in our method was selected as 50 kUfL, so that the concentration of creatinine in specimens could reflect the rate.
Efficiency of removal of urea. In this experiment, normal sera supplemented with various concentrations of urea were substituted for specimens.
Only the reaction at the first step was carried out. We confirmed that our method could efficiently remove urea at a concentration as high as 3 gIL (Figure 5) . Linearity. Figure 7 shows that our method gave accurate values for concentrations of creatinine up to at least 500 mg'L with a y-intercept of 7.7 mg/L creatinine, which agrees with the value calculated for the concentration of creatinune in serum (8.5 mg/L).
Precision.
For two control sera containing different concentrations of creatinine, within-run CVs were 0.9% at 11.2 mg/L and 1.2% at 49.1 mgIL, whereas day-to-day CVs were 2.7% at 10.9 mgfL and 1.2% at 49.2 mgfL (Table 1) .
Recoveiy. To two control sera we added various concentrations of creatinine and assayed. As Table 2 shows, lime, mm Experiments were carried out with the standard procedure for assay of crestmine, except that normal sara supplemented with various concentrations of urea were substituted for specimen. Only the reaction at the first step was carried out Interference. Various substances were examined for their potential effects on our assay of creatinine. The substances to be examined were mixed with 9 volumes of a control serum containing 46.5 mgfL of creatinine, and then assayed. In some experiments, water was sub- We measured the concentrations of creatinlne Intwo control sara (OrigInal) and In creatmnine-supplemented control sara (Measured). The concentrations of creatinlne that had been added to the control sara were calculated from the dilution factors for the stock solution of creatinine (Added).
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